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TECHNICAL NOTE 4251

AN EXPERTMENTAL INVESTIGATICN OF
WAKE EFFECTS ON HYDRO-SKIS

By Ellis E. McBride and Lloyd J. Fisher
SUMMARY

An experimentsl investigation was made in Langley tank no. 2 to
determine the effects of plening in a wake on the forces of a planing
surface and to locate desirable positions in the wake with regard to
the 1ift and lift-drag ratio of the planing surface. Two combinations
of multiple hydro-skis were tested: +*wo hydro-skis In tandem and three
hydro-skis erranged with a single front hydro-ski and two rear hydro-
skis. Drag, wetted area, and draft of the rear hydro-skis at selected
loads were measured at various positions in the wake of the front hydro-
ski and were compared with the planing forces of a single hydro-ski in
undisturbed water at simller planing conditions.

The results of the investigation show that the resr hydro-ski in
a tandem arrangement could have large 1increases in 1ift coefficient and
small improvements in lift-drag ratio compared with a2 hydro-skl in
undisturbed water over & limited speed range. The two trailing hydro-
gkis in a three-hydro-ski arrangement would tend to have losses in effi-
ciency compared with hydro-skis in undisturbed water, but the losses
could be prevented by carefully selecting the hydro-ski spacing.

INTRODUCTION

Quantities of data on many different shapes of surfaces planing in
undisturbed water are availeble and work has been done on mapping the
profile and transverse wave contours of the weke of these planing sur-
faces. Little has been done, however, to determine the effect of a
wvake forward of planing surfaces, except for the case of an afterbody
planing in the wake of its forebody. Such information would be useful
in the design of multiple hydro-ski configurations. An investigation
was therefore made in Langley tenk no. 2 to determine the effects of
& wake on the forces of & trailing planing surface and to locate desir-
able positions in the wake with regard to 1ift and lift-drag ratio.
Flat rectangular plates were used as the planing surfaces and two
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combinations of hydro-skis were investigated: & pailr of hydro-skis in
tandem and three hydro-skis with two rear hydro-skis following in the

wake of a single forward hydro-ski. The data obtained in this investi-
gation are presented in tabular form and as plots of the ratios of 1ift
coefficient, lift-drag ratio, and draft measured in the wake to corre-
sponding values at the same angle of attack, speed, and load in undis-
turbed water.

SYMBOLS
b beam of planing surface, ft
! L
C 1lift coefficient based on wetted area,
L % sy
CL:W .
—_— ratlo of the lift coefficient measured in the wake to
Cy, that measured in undisturbed water at similar planing
' conditions -
c . \'
v speed coefficlent, ——
\}gb
Ca load coeffilcilent or beam loading, —=—
osb5
a draft st trailing edge (measured vertically from undis-
turbed water surface), ft
EE ratio of the draft measured in the wake to that measured
d in undisturbed water at similer planing conditions
D total drag of planing surface, 1lb
g acceleration due to gravity, 32.2 :E"b/sec2
In mesn wetted length, ft
L total 1ift of planing surfece, 1b

L/D lift-drag ratio
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(L./) ratio of the lift-drag ratio measured in the wake to that
(/D) measured in undisturbed water at similsr planing
. conditions
5 wetted planing area, sq £t
v cexrriage speed, fps
X longitudinal spacing of hydro-skis, besams
v center-line spacing between hydro-skis, beams
A vertical loed, 1b (A = L)
€ effective downwash angle, o - a', deg
p mess density of tank water, 1.9%2 slug/cu ft
a geometric (pre-set) angle of attack (measured between

planing surface and undisturbed water surface), deg

o' effective angle of attack (computed), deg
Subscript:
W value measured in the wake

APPARATUS AND PROCEDURE

Description of Models

The plening surfaces used as models were flat rectanguler plates
of stainless steel 10 inches long, 2 inches wide, and 3/8 inch thick
machined and ground smooth on all surfaces so that all corners and
edges were sharp and square. The bottoms of the models were merked to
facilitate reading of wetted lengths from underwater photographs.

Test Methods and Equipment

The tests were made with the models attached to the main towing
carrisge in Langley tenk no. 2. Figure 1(a) shows the two hydro-skis
in the tandem arrangement and figure 1(b) shows the three-hydro-ski
arrangement installed on the towing carrisge. No forces were measured
on the front hydro-ski, since the only function of this surface was to
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provide a wake at the same load and pre-set angle of attack as the rear _
hydro-ski or hydro-skis. The hydro-skis were mounted so that they were -
free to rise but were fixed in all other degrees of freedom. The hydro-

skis could be positioned at various distances apart, so that the rela-

tionship of the reasr hydro-skis to the wake of the front hydro-ski

could be changed. _ . -

A constant load was applied through the towing staffs so that the
load on each hydro-ski was the same (the load on the two reear hydro-
skis being assumed equelly divided between them). The drag was measured
by en electrical strain-gage beam and its deflection was read visually
on & galvanometer. The tests were made without a wind screen. Tare
runs were mede with the resr hydro-skis removed and the force of the
air and of the spray from the front hydro-ski impinging on the rear
struts was measured. These tares are subtracted from the drag data
presented. The draft was read visually from a scale by means of a .
pointer attached to the towing staff. Wetted area was measured from
underwater photogrephs made with a 70-millimeter cemere mounted in a
waterproof box located on the bottom of the tank. The camers and high-
speed flash lamps were set off by the action of the carriage interrupting
a photo-electric beam. A similar camera was mounted on & boom attached
to the towing carrisge to teke above-water profile pictures of the

models being tested. .
The accuracy of the various measurements is estimated to be as
follows: ’ - : w
Load, 1D + ¢ v ¢ o o o o & ¢ o« 4t e e e e e e e e e e s e s +0.0L1
Drag, 1D . v v v ¢ v v o ¢« v e e w e . e s e e e e ... ... F0.02
Angle of attack, deg . « . « & « ¢ ¢ ¢« ¢ o 4 4 e e e e e .. e 0.1
Draft, f£ . . « « ¢« ¢ v v v v v v e e s e e e e e e e e e +0.01
Mean wetted length, f£ . . . . . + . ¢ ¢« ¢ ¢« o v o v e a0 . 10.01
Speed, fPB + v ¢ ¢« t e e ke e e s e e e e e e s e e e 0.2

Tests were made at engles of attack of 6°, 12°, end 18° at loads
of 4.0, 7.0, and.13.0 pounds per hydro-ski and at constant speeds from
15 to 55 feet per second. All the test speeds are above the critiecal
wave speed of the ftank (13.8 fps, limiting speed of transverse wave '
propegation). The rear hydro-skis were tested at locatlons of 5, 10,
15, and 19 beams aft of the front hydro-ski (measured trailing edge to
trailing edge). In the three-hydro-ski arrangement the two rear hydro-
skis were tested with center-line spacings of 3, 5, and T beams.
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RESULTS AND DISCUSSION

General

In an asnalysis of the results of this lnvestigation, it is impor-
tent to consider the effect of the pertinent parameters on the contour
of the wake. A sketch of the approximate shape of the wake of a flat
planing surface is given in figure 2. At a glven angle of attack and
load coefficient an increase iIn speed coefficient decreases the draft
and moves the roach aft but has little effect on the depth of the trough
or the height and location of the side wave. At a given speed coeffi-
cient and load coefficient an increase in angle of attack has an effect -
similer to an increase in speed coefficlient. At a given angle of attack
and speed coefficient an increase in load coefficient increases the
draft, moves the roach forwerd, and increases the depth of the trough
and the height of and width between the side waves.

The 1ift coefficients, lift-drag ratios, and drafts measured in
the weke are presented herein as ratios referred to the values in undis-
turbed water at the same angle of attack, speed, and load. The
undisturbed-water values for Cp and L/D were taken from reference 1

and values for 4, from reference 2. The effective angle of attack o
that would be necessary to produce the measured 1ift coefficients if

the planing surface were running in undisturbed water at the same length-
beam ratio at free-stream velocity has alsc been determined by using
reference 1. The effective downwash angle € for the test conditions
was computed from the relation € =a - a'.

Two-Hydro-Ski Arrangement in Tandem

The experimental data for the two hydro-skis in tandem are presented
in table I(a), and plots of the ratios of the 1ift coefficients, 1lift-
drag ratios, and drafts as well as the effective downwash engles are
presented in figure 3. The dsta are plotted as a function of the longi-
tudinal spacing between the two hydro-skis measured in beams; speed
coefficient and angle of attack are parameters. The forces tend to pesk
when the trailing hydro-ski is riding the up slope of the roach of the
front hydro-ski. As the speed coefficlent increases, the pesk occurs at
greater longltudinal spacings or is never reached in the range of loca-
tions tested. The ratio dw/d increased rapidly with increasing speed

at a constant load coefficient. When the load coefficient was increeased
and the speed further Iincreased, this ratio was reduced because of the
inereased draft of the hydro-ski in undisturbed water. Some effects on
the lift-drag ratio paralleling that on the 1ift coefficient and the
downwash angle were noted.
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The results obtalned at all angles of attack of the tests were simi-
lar. The most interesting point was a lift coefficient in the wake at
a = 12° (fig. 3(b)) of 2.7 times that obtained in undisturbed water.
Because of the higher speeds necessary to support the load &t « = 6°,
the roach was alweys located aft of the trailing hydro-ski. This posi-
tion of the roach resulted in an increase in the 1ift coefficient as
the tralling hydro-ski was moved aft. The most significant effect of
angle of attack was the appreciable change in the lift-drag-retio param-
eter obtained at o = (£1g. 3(a)). At this angle of attack, the
friction drag is a large part of the total drag; whereas, at high angles
the friction dreg mey be considered almost a negligible part of the
total. The hydro-ski, when operating at o = 6° in a downwash, requires
en increase in wetted area to support the loaed. This increase in wetted
ares causes an increase in friction drag and results in & decrease in
the 1lift-drag-reatio parameter. The inverse 1s true when the surface is
operating in an upwash.

Figure b shows underwater and side photographs of the trailing
hydro-ski in the tandem arrangement operating in contrasting regions of
the wake. The lower two photogrephs show the hydro-ski in a region
where the 1ift coefficient is inereased by the presence of the wake
(upwash) and the upper two photographs show a region where the wake is
detrimental (downwash) .

No single position in the wake within the range tested was found
where either the lift-drasg ratio or the 1ift coefficient was increased
over the entire speed and angle~of-attack range of the tests. Large
increases in 1lift coefficient and smell improvement in lift-drag ratio
were obtained at some positions through a restricted speed range. The
effect of speed can be seen in figure 5 (a cross plot from fig. 3),
where speed coefficient Cy 1is the sbscissa. For example assume a

flat-bottom tandem hydro-skl installation to have hydro-skls with 3-foot
beams spaced 15 beams apart, operating at a hump speed of &bout 50 knots
(Cy = 9) and an angle of attack of 12°; then, the ratio of the 1lift

C
L,w
coefficient in the weke to the 1lift coefficlent in smooth water 2
CL,w
is seen to be 1.6. Just prior to hump speed a maximum —EL— of 2.7
ML
was obtained; however, soon after the hump speed is reached the ratio
C
_%LE is reduced to less than unity. This result indicates that &
L

tandem arrangement might be more efficient over a critical speed range,
such a8 in the region of the hump speed, thgn in undisturbed water. One
of the hydro-skis could then be retracted (provided adequate longitudinal



NACA TN L4251 T

balance was available) for the remainder of the take-off run. The rela-
tively large longitudinal hydro-ski spacing required for an efficient
tendem arrangement, however, may limit the usefulness of this type of
installation.

Three-Hydro-Ski Arrangement

For the three-hydro-ski srrangement, the side-wave contours in the
wake were the significant regions to be considered, whereas the roach
was the important part of the wake for the tendem hydro-ski arrangement.
Angle of attagk and speed were rather minor parsmeters for the three-
hydro-ski arrengement, since the location and characteristics of the
side-wave contours were only slightly affected by changes in angle of
attack and speed. This result 1s in contrast to the large dependence
of the roach on these parameters noted with the tandem arrangement.

The date obtained with the three-hydro-ski arrangement are presented in
teble I(b) and figures 6 to 10. The plots are similar to those for the
tandem srrangement except that an additional varisble, the width between
the center lines of the two rear hydro-skis, is added. With center-line
spacings of 3 and 5 beams, an improvement in 1lift coefficient and 1ift-
drag ratio because of the presence of the wake could usually be obtained
only at the shorter longitudinal spacing (figs. 6 to 8). As the longi-
tudinal spacing increased, in genersal, the 1ift coefficient and the 1lift-
drag ratio decreased because the hydro-skis were operating in a downwash.
Part of the change in lift-drag ratio was probably due to an increase in
dreg caused by spray from the front hydro-ski striking the leading edge
of the two rear hydro-skis, as can be seen in the side photographs of
figure 9. This spray drag was not measured and subtracted as a tare.
The underwater photographs of figure 9 show the relationship of the
hydro-skis to the wake and some rather interesting wetted areas caused
by the contour of the wave on which the skis were planing. When the
center-line spacing was T beams, the two rear hydro-skis were far enough
outboard to be almost clear of the weke and only small changes in the
data were measured. The three-hydro-ski arrangement with a center-line
spacing of T beams was not tested at o = 60, since preliminsry tests
had indicated that at this condition, the effect of the weke would be
negligible.

At low speed coefficients and large longitudinal spacings the 1lift
sometimes became insufficient to support the model as a result of unfevor-
able downwash, and the hydro-ski submerged; consequently, corresponding
points are missing in figures 6(a), T(a}, 7(b), and 8(a). At a = 120
an instebility developed at high speeds for longitudinal spacings less
than 15 beams, when the hydro-skis got too close to the side wave. The
instebllity was such that data could not be measured, so thet the corre-
sponding data points are missing in figures T(a) and T(b).
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If it were practical to locate the hydro-skis far enough aft, the
downwash usually encountered wlth the three-hydro-skil arrangement might
be avoided but within the range of the tests, moving the hydro-skis aft
generally decreased the lift coefficient, the lift-drag ratio, and the
effective angle of attack. Increasing the center-line spacing between
the rear hydro-skis reduced the effect of the wake. The effect of hydro-
gki specing cen be seen in figure 10 (a cross plot from figures 6, 7,
and 8). The three-hydro-ski arrangement frequently experienced losses
in efficiency compared with hydro-skis in undisturbed water but indica-
tions were that the losses might be prevented by carefully selecting
the hydro-ski spacing.

CONCLUSIONS

The results of the investigation of hydro-skis in a wake indicated
that:

1. The rear hydro-ski in a tandem arrangement could have large
increases in 1ift coefficient and small improvements in lift-drag ratio
compared with hydro-skis in undisturbed water over & limited speed

range. - .

2. The trailing hydro-skis in a three-hydro-ski arrangement would
tend to experience losses in efficiency compared with hydro-skis in
undisturbed water, but the losses could apparently be prevented by
carefully selecting the hydro-ski spacing.

Langley Aeronsutical Laborstory,
National Advisory Committee for Aeronautics,
Langley Field, Va., February 17, 1958.
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TABLE T

EXPERIMENTAL DATA FOR FLAT-PLATE HYDRO-SKIS MEASURED IN A WAKE
[b = 0.167 f@]

(a) Tandem hydro-ski arrangement

Spacing,

o, L D,
deg 'be:;m Cy Ca CL 1 1b /o d/v
6 5 15.13 13.85 0.038 " 0.98 3.2 1.6
6 5 16.20 13.85 .035 13 .98 3.0 1.5
[ 5 17.30 1%.85 .0k6 L .92 2.0 1.0
6 10 12.96 13.85 .038 L .92 .y 2.2
6 10 1%.05 13.85 .ok L .91 3.2 1.6
6 10 15.13 13.85 .053 4 .91 2.3 1.2
6 10 16.20 13.85 .053 s .86 2.0 1.0
6 10 17.30 13.85 .062 4 .86 1.5 .8
6 15 10.80 13.85 .055 L .83 k.3 2.2
6 15 11.90 13.85 .059 L .83 3.3 1.7
6 15 12.96 1%.85 .057 y .83 2.9 1.5
6 15 1%.05 13.85 .056 4 .83 2.5 1.3
6 15 15.13 135.85 .061 L .80 2.0 1.0
6 15 16.20 13.85 071 4 g 1.5 .8
6 15 17.30 13.85 07T L .TT 1.2 6
6 15 23,80 x5.00 .033 13 3.18 4.9 2.5
6 19 9.73 13.85 .086 4 .61 3.k 1.7
6 19 10.80 13.85 .095 L .65 2.5 1.3
6 19 11.90 13.85 .087 4 al 2.3 1.1
6 19 12.96 13.85 .075 k .Th 2.2 1.1
6 19 14.05 13.85 .070 4 T 2.0 1.0
6 19 15.13 13.85 .097 4 . Th 1.3 .6
6 19 16.20 13.85 17 L T .9 .5
6 1g 17.30 13.85 .12k 4 T .8 4
6 19 17.30 2k.20 .048 T 1.5% 3.4 1.7
6 19 17.30 24 .20 046 T 1.5% 3.5 1.8
6 19 23,80 k5.00 .039 13 2.89 k.1 2.0
12 5 7.57 15.85 .098 L 94 5.0 2.5
12 5 8.65 13.85 .093 y 1.00 y.0 2.0
12 5 9.73 13.85 .105 e 1.00 2.8 1.k
12 5 10. 13.85 .129 & 1.00 1.9 .9
12 5 11.90 13.85 .157 4 1.00 1.3 .6
12 5 17.30 45.00 076 13 3.25 4.0 2.0
12 5 17.30 45,00 OT: 13 3.25 4.1 2.1
12 10 6.48 13.85 .180 s .94 3.7 1.8
12 10 7.5T 13.85 176 L .91 2.8 1.k
12 1o 8.65 13.85 .165 y .G 2.3 1.1
12 10 9.73 13.85 .178 I G4 1.7 .8
12 10 10.80 13.85 .183 3 .Gh 1.3 .7
12 10 17.30 45.00 Aok 13 3.%0 2.9 1.5
12 i0 17.30 k5,00 .108 13 3.30 2.8 1.k
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TABLE I.- Continued

EXPERIMENTAL DATA FOR FLAT-PLATE HYDRO-SKTS MEASURED IN A WAKE

[ = 0.267 4]
{a) Tandem hydro-ski errangement - Concluded
Spacing
@y ’ L, D,
deg a2 Gy A ‘L 1b b W | e
12 15 6.48 13.85 0.240 h 0.9% 2.8 1.k
12 15 7.57 13.85 323 L .89 1.5 .8
12 15 8.65 13.85 .265 b .89 1.k T
12 15 9.73 13.85 244 )3 91 1.2 .6
12 15 10.80 13.85 .218 L .91 1.1 .6
12 15 17.30 45.00 .126 1% 3.25 2.4 1.2
12 15 17.30 45,00 .128 13 3.25 2.4 i.2 .
12 19 6.48 13.85 .169 L 1.06 3.9 2.0
12 19 7.57 13.85 .226 k .9k 2.2 1.1
12 19 8.65 13.85 537 4 .94 1.1 .6
12 19 9.73 13.85 .309 il .83 1.0 .5
12 19 10.80 13.85 .297 b Ok .8 A
12 19 11.90 13.85 327 b .9k .6 3
12 19 17.30 45.00 51 13 3.25 2.0 1.0
5 6.48 13.85 216 4 1.30 3.1 1.5
5 7.57 13.85 216 3 1.30 2.3 1.1
5 8.65 13.85 256 4 1.30 1.5 T
5 9.73 13.85 279 4 1.28 1.1 .5
5 10.80 13.85 339 4 1.26 g A
5 12.96 k5,00 .1 13 4,48 3.4 1.7
5 12.96 45.00 .163 13 4.48 3.3 1.7
10 6.48 13.85 .3%0 Iy 1.2% 2.0 1.0
10 7.5 13.85 32k )3 1.28 1.5 .8
10 8.65 13.85 353 L 1.24 1.1 .5
10 9.7% 13.85 392 4 1.28 .8 A
10 10.80 13.85 452 4 1.30 5 .3
10 12.96 45,00 .210 13 k.31 2.6 1.3
10 12.96 45.00 214 13 4.31 2.5 1.3
15 6.48 13.85 A2 I 1.32 1.6 .8
15 T.57 1%.85 Q1 1 1.24 1.1 .6
15 8.65 13.85 STL L 1.30 1.0 .5
i5 9.73 13.85 Q52 L 1.26 T .3
15 10.80 13.85 .528 ) 1.30 5 2
15 12.96 45.00 .250 13 4.2l 2.2 1.1
15 12.96 45.00 243 13 h.ok 2.2 1.1
19 6.48 13.85 315 4 1.36 2.1 1.1
19 7.57 13.85 hoh h 1.30 1.2 .6
19 8.65 13.85 L13 L 1.30 .9 .5
19 9.7 13.85 JAs2 L 1.26 .7 3
19 10.80 13.85 339 )3 1.30 T R
19 12.96 45.00 .275 13 4,13 2.0 1.0
19 12.96 45, .282 13 4,13 1.9 1.0
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TABLE I.- Continued

EXPERTMENTAL DATA FOR FLAT-FLATE BYDRO-SKIS MEASURED IN A WAKE

[ = 0.167 £t]

(b} Three-hydro-ski arrangement

h. Q./..u..o.nl.—.ﬂ_ox../ nU.JOu-J. _Jz../ z..:.:ﬂ 839652311 2503555.&.5 930-/5776 1.40,0..40977
o HedA A Hd Ard ad AA ArdAd add AAdAA A Ard A N A
NnNNAAAQN NN - NN N 321112222 E- YT ] nKau 3211335 \4211 51)-3-3
~q 8553482 E328 €8 88 BELHRI[BE %883 AAILRE JEEERENY FTIIIRRA/R
A 2222225 5532 winN ~0 1_11_1_15355 121_1_1_32)56 2212336 222223366
AN N k= N 0N\ [=] [ AT Ny =0\ 23
¢ | BEERERE 035 85 §Y D¥OEI¥dsc SESHEERS SOUS¥3Y 284893898
[=]
S | SELELH] HELL £L H& HHLHHYYLS HHHHHRYLS HHHHE]S HHHHH]LSS
2999058 S99 99 K0 SR99eddss Sensndd0s H90NgxL 99905 d458
5 |#28899%% 8288 8% 97 485MRRR88 SR000R208 R9NRKRY KONERLRAS
d94995y 499y gy 9y a4 9grngs ummwmmmﬁz JALEREY da99gnENRg
£
¥
& Hg|mnonnnn 2232 B8 Q9 onnnnnnnan 993939333 RRRRR0R 223299939
o
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TABLE I.- Continued

EXPERIMENTAL DATA FOR FLAT-PLATE HYDRO-SKIS MEASURED IN A WAKE

D=o¢mfﬂ

(b) Three-hydro-ski arrangement - Continued
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[b = 0.167 £t]

TABLE I.- Continued

(b) Three-hydro-ski srrengement - Continued

EXPERIMERTAL DATA FOR FLAT-PLATE HYDRO-SKIS MEASURED IN A WAKE
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o e oA QH A - A Ad o el
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A FALLL FILAA FILAOR FIILF O I ILNG F I praeag
© N N o © a Qo 0 DD Ol QYO Ovat @D in
TAREEE A3NR0Y GRARDY SRGEIEY SURIER 29KR EE
o
509593 HHSHE8 HHLLSE HLLLHTE HHLHSS HEES £8H £9Y
SRR RRRERS RERRRD KRRRRKRRR RRKRRBYR KQKREO aas
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NACA TN 4251

TABLE I.- Concluded
[b = 0.167 £t]

(b) Three-hydro-ski arrangement - Concluded

EXPERIMENTAL DATA FOR FLAT-PLATE HYDRO-SKIS MEASURED IN A WAKE
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Figure 1. Photographs of models attecheq to tha towing

(a) Tandem hydro-ski arrengement . 1~58-126
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(b) Three-hydro-ski. arrangement.

Figure l.- Concluded.
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Plan view

Wave crests

8pr []
Undisburbad water surface
Trough
8lde view Front view

Figure 2.~ Sketch of the approximate shape of the weke of a flat rectangular planing surfece.
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Figure .- Date obtained with the tandem hydro-ski arrangement.
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Figure 3.- Continued.
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Side photogrephs Underwater photogrephs

Figure 4.~ Sample photographs of the tandem hydro-ski errengement at o = 120,

Cy = 7.5T.
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Figure 5.~ Effect of speéd on trailing hydro-ski in tandem arrangement.
Cp =13.85. _
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Figure 6.- Date obtained with three-hydro-ski errengement et o = 6°.
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Figure T.- Data obtained with the three-hydro-ski arrangement at
a = 120,
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Filgure 9.- Semple photographs of the three-hydro-ski arrangement at o = 18°. Cp = 13.85;
Cy = 8.65.
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(b) Center-line spacing of rear hydro-skis, 5 beems. 1-58-130

Figure 9.- Continued.
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